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single-wavelength instruments radically. The various forms of spectropho-
tometer differ primarily in details of light sources, dispersive element, and
detector. The classical Beckman and Gary spectrophotometers can measure
absorbance in the ultraviolet (UV) to near-infrared (near-IR) (250 to 1500
nanometers). Classical IR spectrophotometers use different sources and
bolometric detectors to cover the range from about 2500 to more than 10,000
nanometers. Fourier transform IR (FT-IR) spectrophotometers use a more
complex technique to cover the same wavelength range, with significant
advantages (see section on infrared below). Atomic absorption spectropho-
tometers make use of lamps producing line spectra of particular elements to
detect volatilized atoms of those elements by their characteristic absorbance
lines. Photoacoustic and thermal lensing spectrophotometries make use of
the conversion of absorbed light into heat to detect absorbance indirectly by
measuring sound evolved and deflection by changes in refractive index,
respectively.

For the purposes of chemical oceanography, spectrophotometry is lim-
ited to wavelengths from the UV to near-IR (250 to 1500 nanometers). The
various forms of spectrophotometer differ primarily in combinations of light
sources, dispersive elements, and detectors.

The principle of spectrophotometric measurement involves the com-
parison of two similar light levels, leading to an inherent weakness in the
technique. In particular, as the concentration of absorbing analyte decreases,
the two light levels become more and more similar until they cannot be
distinguished. Thus, the sensitivity and accuracy of the method are very
dependent upon the stability of the light source, the precision of the detec-
tors, and the reproducibility of the sensor matrix. As a rule of thumb, with
non-solid state sources and detectors, absorbance differences of 0.0001 unit
are difficult to measure. The maximum extinction coefficient for a mol-
ecule in the visible or near-IR region (determined by the oscillator strength)
is about 2 x 105 liter mole"1 cm"1. Thus, the detection limit for classical
spectrophotometry is perhaps a few nanomoles per liter of "solvent." More
commonly, detection limits are set by the presence of interfering contami-
nants in the sample; this is especially true for complex media like seawater.

Some spectrophotometric techniques work to enhance sensitivity or utility
in other ways. The advent of semiconductor diode array detectors permits
entire spectra to be acquired simultaneously instead of one wavelength band
at a time. Also, automated spectrophotometric analyzers originally devel-
oped for clinical use have been adapted for use at sea when many samples
must be analyzed over a period of time. Computational techniques for
signal averaging, smoothing, integration, and data analysis have been widely
implemented in modern instruments. From the standpoint of chemical ocean-
ography, spectrophotometry is a mature technology that is widely used and
accepted.